Abstract. This paper compare modified homotopy perturbation method with the exact solution for solving Fourth order Volterra integro-differential equations. From the computational viewpoint, the modified homotopy perturbation method is more efficient and easy to use. Keywords. Fourth order integro-differential equations; modification of homotopy-perturbation method (MHPM); Nonlinear; exact solution; boundary value problems(BVP).
Introduction
In recent years, the application of the homotopy perturbation method (HPM) [1] [2] [3] [4] [5] [6] [7] [8] in nonlinear problems has been developed by scientists and engineers, because this method deforms the difficult problem under study into a simple problem which is easy to solve. Most perturbation methods assume a small parameter exists, but most nonlinear problems have no small parameter at all. Many new methods, such as variational method [9, 10] , variational iterations method [11] [12] [13] , and others [14, 15] , are proposed to eliminate the shortcomings arising in the small parameter assumption. A review of recently developed nonlinear analysis methods can be found in [16] . Recently, the applications of homotopy perturbation theory have appeared in the works of many scientists [17] [18] [19] [20] , which has become a powerful mathematical tool [21, 22] . Recently, S. Abbasbandy [18] applied this method to functional integral equations. In this paper, we propose MHPM to solve Fourth order Volterra integro-differential equations and comparisons are made between the exact solutions and the modified homotopy perturbation method.
Homotopy-perturbation method
In this letter, we apply the Homotopy-perturbation method to the discussed problems. To illustrate the basic ideas of the new method, we consider the following nonlinear differential equation,
with the boundary condition of:
where A(u) is defined as follows:
Homotopy-perturbation structure is shown as:
or
where,
Obviously, considering Eqs. (4) and (5) we have:
where p ∈ [0, 1] is an embedding parameter and u 0 is the first approximation that satisfies the boundary condition. The process of the changes in p from zero to unity is that of v(r, p) changing from u 0 to u r . We consider v as:
and the best approximation is:
the above convergence is discussed in [30, 31] .
Description of modified homotopy perturbation method
This section is devoted to reviewing MHPM for solving fourth order Volterra integro-differential equation:
To explain HPM, we consider the above integro-differential equation as
with solution f (x). As a possible remedy, we can define homotopy H(u, p) by
where F (u) is a functional operator with known solution v 0 , which can be obtained easily. In MHPM, we difine
which is dependent on the order of differentiation. Typically, we may choose a convex homotopy by
and continuously trace an implicitly defined curve from a starting point
The embedding parameter p monotonously increases from zero to unit as trivial problem F (u) = 0 is continuously deformed to the original problem L(u) = 0. The embedding parameter p ∈ (0, 1] can be considered as an expanding parameter [5] .
The HPM uses the homotopy parameter p as an expanding parameter to obtain [23] 
When p → 1, (13) corresponds to (12) and becomes the approximate solution of (11), i.e., f = lim
Series (14) is convergent for most cases, and the rate of convergence depends on L(u) [5] .
Numerical example
In this section, three examples are presented. The examples are linear and nonlinear fourth order volterra integro-differential equations that using MHPM and the results are compared with the exact solutions. 
with the boundary conditions:
= 0,In order to solve Eq.(15) using MHPM, we construct the following homotopy we need a initially equation
Hence, we may choose a convex homotopy such that
Substituting (13) into (17), and equating the terms with identical powers of p, we have
. . .
The solutions of Eqs. (18)- (20) may be written as follows:
The solution of linear fourth order volterra intogro-differential equation, whenp −→ 1, will be follows:
Incorporating the boundary conditions, Eq. (15), into f (x), we have:
Solving Eqs. (24)-(27) simultaneously, we obtain:
Therefore, the approximate solution of Example 4.1 can be readily obtained by
In practice, all terms of series f (x) = ∞ n=0 v n (x) cannot be determined and so we use an approximation of the solution by the following truncated series:
The results of which are shown in Table 1 (with three terms). fig1. shows the numerical result of exact solution and MHPM solution, it is clear that the results are in excellent agreement. 
let F (u) = u (4) (x) − g(x) = 0, In order to solve Eq.(31) using MHPM, we construct the following homotopy we need a initially equation
Substituting (13) into (33), and equating the terms with identical powers of p, we have
The solutions of Eqs. (34)-(36) may be written as follows: 
The solution of nonlinear fourth order volterra intogro-differential equation, whenp −→ 1, will be follows:
Incorporating the boundary conditions, Eq. (31), into f (x), and solving equations simultaneously, we obtain: 
The results of which are shown in Table 2 (with three terms). fig2. shows the numerical result of exact solution and MHPM solution, it is clear that the results are in excellent agreement. 
let F (u) = u (4) (x) − g(x) = 0, In order to solve Eq.(43) using MHPM, we construct the following homotopy we need a initially equation
Substituting (13) into (45), and equating the terms with identical powers of p, we have
2 (x) = 3
. . . 
Incorporating the boundary conditions, Eq. (43), into f (x), and solving equations simultaneously, we obtain:
Therefore, the approximate solution of Example 4.3 can be readily obtained by In practice, all terms of series f (x) = ∞ n=0 v n (x) cannot be determined and so we use an approximation of the solution by the following truncated series:
The results of which are shown in Table 3 (with three terms). fig3. shows the numerical result of exact solution and MHPM solution, it is clear that the results are in excellent agreement. Table 3 Numerical results of Example 4. 
Conclusion
In this work, we proposed the MHPM for solving the linear and nonlinear integrodifferential equations and compared our results with the exact solution. The figures clearly show that result by MHPM are in excellent agreement with the exact solutions. MHPM provides highly accurate numerical solutions in comparison with other methods and this is powerful mathematical tool can solve a large class of nonlinear differential systems,especially nonlinear integral systems and equations used in engineering and physics.
